REMARKS 

By this amendment, claims 3 and 4 have been cancelled, and claims 1 and 2 have been 
amended. Thus, claims 1 and 2 are now active in the application. Reexamination and 
reconsideration of the application are respectfully requested. 

The specification and abstract have been carefully reviewed and revised to correct 
grammatical and idiomatic errors in order to aid the Examiner in further consideration of the 
application. The amendments to the specification and abstract are incorporated in the attached 
substitute specification and abstract. No new matter has been added. 

In particular, it is noted that the Abstract has been amended so as to reduce its length to 
fewer than 1 50 words. 

Attached hereto is a marked-up version of the changes made to the specification and 
Abstract by the current amendment. The attachment is captioned " Version with markings to 
show changes made ." 

In item 1 on page 2 of the Office Action, claims 1 and 2 were objected to for the inclusion 
of "vibration suppressing connection" and "vibration connection" in parentheses in the claims. 
These parenthetical expressions have now been deleted from the claims, so as to obviate this 
objection. 

In item 4 on page 6 of the Office Action, the Examiner kindly indicated that claims 3 and 
4 would be allowable if rewritten in independent form including all of the limitations of the base 
claim and any intervening claims. 

Accordingly, in order to expedite allowance of this application, claim 1 has been 
amended to incoprorate thereinto all of the limitations of claim 3, and claim 2 has been amended 
to incorporate thereinto all of the limitations of claim 4, thereby rendering each of claims 1 and 2 
allowable in view of the Examiner's indication of allowable subject matter in item 4 on page 6 of 
the Office Action. 



} 



Claims 3 and 4 have been canceled. Also, it is noted that the claim language has been 
reviewed and a few minor revisions have been made to improve the English grammar and U.S. 
form. 

In view of the foregoing amendments and remarks, it is respectfully submitted that the 
present application is clearly in condition for allowance. An early notice thereof is earnestly 
solicited. 

If, after reviewing this Amendment, the Examiner feels there are any issues remaining 
which must be resolved before the application can be passed to issue, it is respectfully requested 
that the Examiner contact the undersigned by telephone in order to resolve such issues. 



CRW/asd 

Washington, D.C. 20006-1021 
Telephone (202) 721-8200 
Facsimile (202) 721-8250 
May 24, 2005 



Respectfully submitted, 



Shinsuke MIURA 




Charles R. Watts 
Registration No. 33,142 
Attorney for Applicants 
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TITLE OF THE INVENTION 

LIQUID DETECTING APPARATUS 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a liquid detecting apparatus 

which constitutes a viscometer or density meter for detecting density of a 
measuring liquid, and more particularly to a liquid detecting apparatus in 
which a vibrating element composed of a piezoelectric vibrating plate is 
used as a vibrating source. 

2. Related Art 

[0002] Patent documents 1 and 2 disclose a liquid detecting 

apparatus comprising a liquid detecting element located at a lower end of a 
vibration shaft and immersed in a measuring liquid and a vibrating element 
located at an upper end of the vibration shaft and for vibrating the vibration 
shaft in a circular direction about the axis of the vibration shaft, wherein a 
piezoelectric vibrating plate capable of conducting a bending vibration is 
used as the vibration detecting element and the vibration shaft is vibrated in 
the circular direction by the bending vibration of the piezoelectric vibrating 
plate, thereby vibrating the liquid detecting element in the circular direction 
in the measuring liquid. 

[0003] In the liquid detecting apparatus as represented by the above 

patent documents 1 and 2, the inner end edges of the respective 
piezoelectric vibrating plates are rigidly connected to the vibration shaft on 



their generating line, and a massive body is rigidly connected to the upper 
vibrating end on the opposite side of the liquid detecting element of each 
piezoelectric vibrating plate and the upper end of the vibration shaft, so that 
vibrations of the liquid detecting^ element are caused to occur in the circular 
direction in the measuring liquid of the liquid detecting element by bending 
vibration of the lower vibrating end on the liquid detecting element side. 
Since each piezoelectric vibrating plate is rigidly connected at two sides 
along its upper vibrating end and inner end edge to the massive body and 
the vibration shaft, respectively, energy for transmitting vibration to the 
vibration shaft is reduced. As a result, energy for transmitting vibration to 
the liquid detecting element is reduced, thereby reducing the active 
vibration in the circular direction in the measuring liquid. 
[0004] In addition, since the massive body, the vibrating plate and 

the vibration shaft are coaxially arranged in series, the overall length of the 
vibration unit becomes unduly large. 

[0005] [Patent Document 1 ] 

Official gazette of Japanese Patent Application Laid-Open No. 
H08-247917 
[Patent Document 2] 

Official gazette of Japanese Patent Application Laid-Open No. 
H08-86733 

SUMMARY OF THE INVENTION 

[0006] It is, therefore, a general object of the present invention to 
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provide a liquid detecting apparatus capable of solving the 
above-mentioned problems. 

[0007] In order to solve the above problems, there is provided a 

liquid detecting apparatus comprising a liquid detecting element disposed 
at a lower end of a vibration shaft and immersed in a measuring liquid, and 
a vibrating element disposed at an upper end of the vibration shaft and for 
vibrating the vibration shaft in a circular direction about an axis thereof, 
wherein a plurality of piezoelectric vibrating plates, which each contact 
conduct a bending vibration, are used as the vibrating element and axially 
symmetrically arranged in the axial direction with respect to the vibration 
shaft so that the piezoelectric vibrating plates conduct a bending vibration, 
lower vibrating ends on the liquid detecting element side of the 
piezoelectric vibrating plates are rigidly connected (vibration suppressing 
connection) to a vibration suppressing member and inner ends of upper 
vibration ends on the side opposite side to the liquid detecting element of 
the piezoelectric vibrating plates are rigidly connected (vibration 
connection) to the vibration shaft, an inner end edge of each of the 
piezoelectric vibrating plates excluding the vibration connection part is 
held free with respect to the vibration shaft, a bending vibration at the 
lower vibrating end of each of the piezoelectric vibrating plates is 
suppressed on the vibration suppression connection part side and a bending 
vibration at the upper vibrating end is amplified, the amplified bending 
vibration at each vibrating end is applied to the vibration shaft and the 
liquid detecting element through the vibration connection part, so that the 
liquid detecting element is vibrated in the circular direction in the 
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measuring liquid. 

[0008] From another aspect of the present invention, there is also 

provided a liquid detecting apparatus comprising a liquid detecting element 
disposed at a lower end of a vibration shaft and immersed in a measuring 
liquid, and a vibrating element disposed at an upper end of the vibration 
shaft and for vibrating the vibration shaft in a circular direction about an 
axis thereof, wherein a plurality of piezoelectric vibrating plates, which 
each contact conduct a bending vibration, are used as the vibrating element 
and axially symmetrically arranged in the axial direction with respect to the 
vibration shaft so that the piezoelectric vibrating plates conduct a bending 
vibration, a cylindrical member serving is provided and has, as an axis 
thereof the vibration axis for connecting the inner end edges of the 
piezoelectric vibrating plates as an axis thereof is provided , each of the 
piezoelectric vibrating plates is externally inserted in an upper end of the 
vibration shaft at the cylindrical member, lower vibrating ends on the liquid 
detecting element side of the piezoelectric vibrating plates are rigidly 
connected (vibration suppressing connection) to a vibration suppressing 
member and inner ends of upper vibration ends on the side opposite side to 
the liquid detecting element of the piezoelectric vibrating plates are rigidly 
connected (vibration connection) to the vibration shaft, an inner end edge 
of each of the piezoelectric vibrating plates excluding the vibration 
connection part is held free with respect to the vibration shaft, a bending 
vibration at the lower vibrating end of each of the piezoelectric vibrating 
plates is suppressed on the vibration suppression connection part side and a 
bending vibration at the upper vibrating end is amplified, the amplified 
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bending vibration at each vibrating end is applied to the vibration shaft and 
the liquid detecting element through the vibration connection part, so that 
the liquid detecting element is vibrated in the circular direction in the 
measuring liquid. 

[0009] Preferably, a through-hole seFvk^ having the vibration axis 

serving as an axis thereof is formed in the vibration suppressing member, 
the vibration shaft is inserted in the through-hole and the piezoelectric 
vibrating plates are rigidly connected to the vibration suppressing member 
on a radial line of the vibration suppressing member. 

[0010] BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side view showing the basic idea of a vibration structure 
composed of a vibrating element in a liquid detecting apparatus. 

FIG. 2 is a side view showing one example in which the vibrating 
element is connected to a vibration shaft through a circular cylindrical 
member in the basic idea of a vibration structure composed of a vibrating 
element in a liquid detecting apparatus. 

FIG. 3 is an exploded perspective view showing a specific structure 
of the liquid detecting apparatus. 

FIG. 4 is a half-vertical sectional view of the liquid detecting 
apparatus. 

FIG. 5 is a half-vertical sectional view of a vibration unit in the 
liquid detecting apparatus when viewed after it is rotated at 90 degrees. 
FIG. 6 is a plan view of the liquid detecting apparatus. 
FIG. 7 is a bottom view of a liquid detecting element in the liquid 
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detecting apparatus. 

FIG. 8 is a sectional view taken on line A-A of FIGS. 4 and 1 1 . 

FIG 9 is a sectional view taken on line B-B of FIGS. 4 and 1 1 . 

FIG 10 is a sectional view taken on line C-C of FIGS. 4 and 11. 

FIG 1 1 is a half-cut sectional view showing another example of a 
specific example of the liquid detecting apparatus. 

FIG. 12(A) is a plan view for explaining the operation of an upper 
vibrating end of a vibrating element, FIG 12(B) is a bottom view for 
explaining the operation of a lower vibrating end thereof, and FIG 12(C) is 
a side view for explaining the bending vibration of a piezoelectric vibrating 
plate which forms the vibrating element. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

[0011] Embodiments of the present invention will be described 

hereinafter with reference to FIGS. 1 through 12. 

[0012] As shown in FIGS. 1 through 5 and 1 1, a liquid detecting 

apparatus comprises a liquid detecting element 3 disposed at a lower end of 

a vibration shaft 1 and immersed in a measuring liquid 2, and a vibrating 

element 4 disposed at an upper end thereof and conducting a bending 

vibration in a direction of an axis (vibrating axis) X of the vibration shaft 1. 

[0013] The vibration shaft 1 is composed of a metal made metal 

linear rod such as, for example, a_stainless steel made steel linear rod, or a 

synthetic resin made resin or ceramic made ceramic linear rod. 

[0014] As shown in FIGS. 4 and 7, as well as elsewhere, the liquid 

detecting element 3 is formed mostly for a density meter. As apparent 



from those Figures, a plurality of partition walls 7, which extend in a radial 
direction, are equally spacedly arranged in a peripheral direction between a 
vertically extending cylindrical part 5 and a shaft part 6 so that the contact 
area of the liquid detecting element 3 is increased with respect to the 
measuring liquid 2. The liquid detecting element 3 has a mortise 8 which 
is open at an upper end face of the shaft part 6. A tenon pin 9 projecting 
from a lower end face of the vibration shaft 1 is inserted in the mortise hole 
8, the upper end face of the shaft part 6 is abutted with the lower end face 
of the shaft part 1 and welded at the abutting part, so that the liquid 
detecting element 3 is integrally directly connected to the vibration shaft 1 
on a-the vibration axis X. 

[0015] On the other hand, a liquid detecting element 3 shown in 

FIG 1 1 is formed for a viscometer. In this This liquid detecting element 3 
includes the linear rod-like vibration shaft 1 a lower end part of which is 
same or enlarged in diameter. Thus, the liquid detecting element 3 forms 
a part of the vibration shaft 1 . It is also an interesting alternative that the 
liquid detecting element 3 is composed of a circular columnar body or 
polygonal prism body which is separately formed from the vibration shaft 1, 
and the liquid detecting element 1 is directly connected to the lower end of 
the vibration shaft 1 on the vibration axis X in the same manner as 
mentioned above or by other suitable means. 

[0016] The liquid detecting element 3 is formed of metal such as 

stainless steel, or synthetic resin, ceramic or a composite material thereof. 
[0017] A piezoelectric vibrating plate 19 capable of conducting a 

bending vibration is used as the vibrating element 4. A plurality of such 
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piezoelectric vibrating plates 19 are axially symmetrically arranged in the 
axial direction with respect to the vibration shaft so that the piezoelectric 
vibrating plates 1 9 conduct a bending vibration. For example, as 
illustrated, a number, two, of the piezoelectric vibrating plates 19 are 
expanded spaced apart on a diameter line of the vibration shaft 1 . 
[0018] As shown in FIGS. 1 and 2, lower vibrating ends on the 

liquid detecting element 3 side of the piezoelectric vibrating plates 19 are 
rigidly connected (vibration suppressing connection) to a vibration 
suppressing member 13 and inner ends of upper vibration ends 15 on the 
side opposite s ide to the liquid detecting element 3 of the piezoelectric 
vibrating plates 19 are rigidly connected (vibration connection) to the 
vibration shaft 1 . 

[0019] An inner end edge of each of the piezoelectric vibrating 

plates 19 excluding the vibration connection part 17 is held free with 
respect to the vibration shaft 1, a bending vibration at the lower vibrating 
end of each of the piezoelectric vibrating plates 19 is suppressed on the 
vibration suppression connection part 17 side and a bending vibration at the 
upper vibrating end is amplified, the amplified bending vibration at each 
vibrating end is applied to the vibration shaft 1 and the liquid detecting 
element 3 through the vibration connection part 17, so that the liquid 
detecting element 3 is vibrated in the circular direction in the measuring 
liquid 2. 

[0020] As a specific example, as shown in FIG. 2 or 3, or in Figures 

thereafter, a cylindrical member 10 for connecting the inner end edges of 
the respective piezoelectric vibrating plates 19 (FIG. 3 and subsequent 
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Figures) are connected together or the upper ends of the inner end edges of 
the respective piezoelectric vibrating plates 19 are connected together, is 
disposed on the vibrating axis X, each of the piezoelectric vibrating plates 
19 is externally inserted in an upper end of the vibration shaft 1 at the 
cylindrical member 10, lower vibrating ends 14 on the liquid detecting 
element 3 side of the piezoelectric vibrating plates 19 are rigidly connected 
(vibration suppressing connection) to a vibration suppressing member 13 
and inner ends of upper vibration ends 15 on the side opposite side to the 
liquid detecting element 3 of the piezoelectric vibrating plates 19 are 
rigidly connected (vibration connection) to the vibration shaft 1 . 
[0021] Thus, an inner end edge of each of the piezoelectric 

vibrating plates 19 excluding the vibration connection part 17 is held free 
with respect to the vibration shaft 1, a bending vibration at the lower 
vibrating end 14 of each of the piezoelectric vibrating plates 19 is 
suppressed on the vibration suppression connection part 16 side and a 
bending vibration at the upper vibrating end 15 is amplified, the amplified 
bending vibration at each vibrating end 1 5 is applied to the vibration shaft 1 
and the liquid detecting element 3 through the vibration connection part 17, 
so that the liquid detecting element 3 is vibrated in the circular direction in 
the measuring liquid 2. 

[0022] The piezoelectric vibrating plate 19 will be described. This 

piezoelectric vibrating plate 19 includes a pair of vibrating base plates 1 1 
symmetrically expanded spaced apart leftward and rightward eate- along a 
diameter line from a generating line of an outer peripheral surface of the 
cylindrical member 10. As shown in FIG. 12 FIGS. 12A-12C , a 
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piezoelectric plate 12 is adhered to one or both surfaces of each vibrating 
base plate 11, thereby forming a pair of piezoelectric vibrating plates 19 of 
a bimorph structure. A number, three or more, of such piezoelectric 
vibrating plates 19 may be arranged at equal spaces in the peripheral 
direction. 

[0023] A circular columnar block type vibration suppressing 

member 13 which serves the vibration axis X as an axis thereof, is 
integrally disposed at a lower end edge of the piezoelectric vibrating plate 
19, i.e., lower end edges of the both vibrating base plates 11, which form 
the vibrating element 4. The both Both vibrating base plates 1 1 are rigidly 
connected to the suppressing member 13 on the diameter line at the upper 
end face of the vibration suppressing member 13. 
[0024] In other words, the vibrating base plate 1 1 of one of the 

piezoelectric vibrating plates 19 is rigidly connected at the lower end edge 
thereof to the vibration suppressing member 13 on the diameter line thereof. 
Similarly, the vibrating base plate 11 of the other piezoelectric vibrating 
plate 19 is rigidly connected at the lower end edge thereof to the other 
radius line on the above-mentioned diameter line to the vibration 
suppressing member 13. 

[0025] For example, the cylindrical member 10, the vibrating base 

plate 11 and the vibration suppressing member 13, which form the 
vibrating element 4 are integrally formed by cutting. It is also an 
interesting alternative that the inner end edge, which is parallel to the 
vibration axis X, of the vibrating base plate 1 1 is integrally press-fitted or 
welded to a groove which is formed on a generating line at the outer 
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peripheral surface of the cylindrical member 10. 

[0026] Similarly, the lower end edge of the piezoelectric vibrating 

plate 19, i.e., lower end edge of the vibrating base plate 1 1 is integrally 
press-fitted or welded to a groove which is formed on a diameter line at the 
upper surface of the vibration suppressing member 13. 
[0027] The cylindrical member 10 is composed of a prismatic body 

or circular columnar body, while the cylindrical member 10, the vibrating 
base plate 1 1 and the vibration suppressing member 13 are composed of 
metal such as stainless steel, or synthetic resin, ceramic or the like. 
[0028] The upper end of the vibration shaft 1 is inserted in the 

through-hole 22 which is formed in the cylindrical member 10 of the 
vibrating element 4, and the vibration suppressing member 13 is rigidly 
connected (vibration suppressing connection) to the lower vibrating end 14 
on the liquid detecting element 3 side in the manner as mentioned above. 
[0029] The cylindrical member 10 is provided at an upper end of 

the through-hole 22 with a small bore part 42. This small bore part 42 and 
a vibration shaft part inserted therein are designed to be approximately the_ 
same in diameter. The vibration shaft part is restricted with an inner 
peripheral surface of the small bore part 42 so as to center the vibration 
shaft part. 

[0030] At the same time, the upper vibration end 1 5 on the side 

opposite side to the liquid detecting element 3 of the vibrating element 3 is 
rigidly connected (vibration connection) at the cylindrical member 10 to 
the vibration shaft 1 by means of, for example, welding 25, and the shaft 
part 18 (upper end part of the vibration shaft) extending between the 
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vibration suppressing connection part of the vibration shaft 1 and the 
vibration connection part 17 is held free with respect to the vibrating 
element 4. 

[0031] In other words, as shown in FIG. 1, lower vibrating ends 14 

on the liquid detecting element 3 side of the piezoelectric vibrating plates 
19 are rigidly connected (vibration suppressing connection) to a vibration 
suppressing member 13 and inner ends of upper vibration ends 15 on the 
side opposite side to the liquid detecting element 3 of the piezoelectric 
vibrating plates 19 are rigidly connected (vibration connection) to the 
vibration shaft 1 through or without not through the cylindrical member 10, 
and an inner end edge of each of the piezoelectric vibrating plates 19 
excluding the vibration connection part 17 is held free with respect to the 
vibration shaft 1 . 

[0032] Thus, as shown in FIG. 8, in case the cylindrical member 10 

extends long is elongated along the inner end edge of the piezoelectric 
vibrating plate 19 5 a small annular space 23 is formed between the inner 
peripheral surface of the through-hole 22 of the cylindrical member 10 and 
the outer peripheral surface of the shaft part 18 which is inserted in the 
through-hole 22, so that the inner peripheral surface and the outer 
peripheral surface are held in non-contact relation. 
[0033] Similarly, the vibration suppressing member 13 is provided 

with a through-hole 20 which serves has the vibration axis X serving as an 
axis thereof, i.e., a through-hole 20 coaxially communicated with the 
through-hole 22 of the cylindrical member 10. The upper end part of the 
vibration shaft 1 is inserted in the through-hole 20. As shown in FIG. 9, a 
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small annular space 24 is formed between the inner peripheral surface of 
the through-hole 20 and the outer peripheral surface of the shaft part 18, so 
that the inner peripheral surface and the outer peripheral surface are held in 
non-contact relation. The vibration suppressing member 13 is a circular 
columnar body or prismatic body which serves has the vibration axis X 
service as the axis thereof. 

[0034] Referring back again to this arrangement, the upper end part 

of the vibration axis 1 is inserted in the through-hole 20 of the vibration 
suppressing member 13 and the cylindrical member 10. The vibrating 
element 4 and the vibration suppressing member 13 are placed in 
non-interfering relation through the annular spaces 23, 24. A local part at 
the tail of the upper end of the vibration shaft 1 is annularly welded to the 
upper end of the cylindrical member 10. 

[0035] As shown in FIGS. 4 and 1 1, the vibration suppressing 

member 13 is rigidly connected to an envelope 21 which receives therein 
the vibration suppressing member 13 and the vibrating element 4. 
[0036] The envelope 21 comprises an envelope main body 26 and 

an installed flange 27 mounted on a lower end of the envelope main body 
26. The installed flange 27 is provided at a central part thereof with a 
through-hole 57-28 which serves- has the vibration axis X serving as an axis 
thereof. While receiving the vibration suppressing member 1 3 in the 
through-hole 28, the vibrating element 4 and the shaft part 1 8 inserted 
therein are received in the envelope main body 26. 
[0037] A lower peripheral edge part of the vibration suppressing 

member 13 is annularly welded at a lower end peripheral edge part of the 
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through-hole 28 of the installed flange 27 so as to be integrally rigidly 
connected thereto. The vibration shaft 1 further extends downward from 
the through-hole 28 of the installed flange 27 and has the liquid detecting 
element 3 formed at a lower end thereof. 

[0038] The liquid detecting apparatus is attached to a measuring 

liquid envelope 43 such as a-piping for passing the measuring liquid 2 or a 
tank containing the measuring liquid 2 through a bolt or the like. 
Accordingly, the vibration suppressing member 13 is substantially rigidly 
connected to the envelope 43 of the measuring liquid 2 through the 
envelope 21. In this case, the vibration suppressing member 13 functions 
as a vibration stopping means which further enhances the vibration 
suppressing function. 

[0039] By fixedly attaching the liquid detecting apparatus to the 

measuring liquid envelope 43 through the installed flange 27, at least the 
liquid detecting element 3 is immersed in the measuring liquid 2 within the 
envelope 43. Reference character S denotes a liquid surface of the 
measuring liquid 2. 

[0040] In the liquid detecting apparatus shown in FIGS. 3 through 5, 

a spring cylinder 33, which serves has the vibration axis X serving as an 
axis thereof, is allowed to suspend from a central part of the lower end of 
the vibration suppressing member 13. As shown in FIG 10, the vibration 
shaft 1 is inserted in the spring cylinder 33 with a small annular space 34 
left therebetween. A lower end of the spring cylinder 33 is fixed at fixed 
part 35 to an intermediate part of the vibration shaft 1 extending from the 
vibration suppressing member 13. 
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[0041] Accordingly, the vibration shaft 1 is supported at two points 

by the vibration connection part 17 and the fixed part 35 and allowed to 
further extend from the spring cylinder 33 to have the liquid detecting 
element 3 attached to the lower end thereof. In other words, the integral 
unit of the vibration suppressing member 13 and the piezoelectric vibrating 
plate 19 is supported at two points of the vibration connection part 17 and 
the fixed part 35 through the spring cylinder 33 with respect to the 
vibration shaft 1 such that the centers of the vibration suppressing member 
13 and the piezoelectric vibrating plate 19 are held on the axis. 
[0042] On the other hand, in the liquid detecting apparatus shown 

in FIG 1 1 5 a massive body 36 for adjusting the resonance frequency is 
coaxially attached to an intermediate part of the vibration shaft 1 which 
extends from the envelope 21 . The massive body 36 is covered with a 
seal case 37. 

[0043] The seal case 37 is made of metal, synthetic resin, ceramics, 

or the like. As illustrated, the seal case 37 is integrally connected such 
that its upper end is coaxial with the lower end of the vibration suppressing 
member 13 and allowed to suspend from the lower end of the vibration 
suppressing member 13 to cover the massive body 36. 
[0044] For example, the vibrating base plate 1 1, the vibration 

suppressing member 13 and the cylindrical part of the seal case 37 are 
formed of a unitary part obtained by cutting. In case the spring cylinder 
33 is provided, those four components 1 1, 13, 37 and 33 are formed of a 
unitary part obtained by integral cutting. 

[0045] The seal case 37 has a bottom plate 38 for closing its lower 
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end face. The spring cylinder 33 , which serves has the vibration axis X 
serving as an axis thereof, is allowed to suspend from the central part of the 
lower end face of the bottom plate 38. As shown in FIG. 10, the vibration 
shaft 1 is inserted in the spring cylinder 33 with a small annular space 34 
left therebetween, and the lower end of the spring cylinder 33 is fixed at the 
fixed part 35 to an area in the vicinity of the lower end of the vibration 
shaft 1 extending from the vibration suppressing member 13. 
[0046] Each spring cylinder 33 is very small in thickness and has 

resilience enabling to enable it to make a circular direction vibration 
following the circular direction vibration of the vibration shaft 1 while 
supporting the vibration shaft 1. 

[0047] Within the envelope main body 26, there are disposed a 

driver circuit for feeding a driving voltage to the vibrating element 4 and a 
circuit board 30 for forming, among others, a circuit for amplifying the 
output of a vibration sensor 29 as later described. The circuit board 30 
and an external power source or control circuit are wire-connected through 
a connector 3 1 which is disposed at a wall which defines the envelope main 
body 26. It is also accepted that without providing this connector 3 1 , the 
above-mentioned wire-connecting can be achieved through a wiring port 
formed in the wall which defines the envelope main body 26 from the 
circuit board 30. 

[0048] The piezoelectric vibrating plate 19, which forms the 

vibrating element 4, originally includes, as shown in FIG. 12(C), an upper 
vibrating end 15 on the upper end side of the vibration axis X, and a lower 
vibrating end 14 on the lower end side. The upper vibration end 15 and 
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the lower vibration end 14 conduct a bending vibration in the direction of 
the thickness, alternately and cyclically. 

[0049] Since the lower vibrating end 14 of each piezoelectric 

vibrating plate 19 is rigidly connected to the vibration suppressing member 
13 in the manner as mentioned above, as shown in FIG. 12(B), vibration of 
the lower vibrating end 14 is stopped. As indicated by arrows ef-inJFIG. 
12(A), the upper vibrating end 15 of one piezoelectric vibrating plate 19 
and the upper vibrating end 15 of the other piezoelectric vibrating end 19 
mutually conduct a bending vibration clockwise or counterclockwise. 
[0050] Thus, the bending vibration of the upper vibrating end of the 

upper vibrating element 4 is amplified on the vibration connection part 17 
side, and the amplified bending vibration of the upper vibrating end 15 is 
transmitted to the vibration shaft 1 and the liquid detecting element 3 
through the vibration connection part 17 disposed at the inner end of the 
upper vibrating end 15, so that the liquid detecting element 3 is soundly 
vibrated in the circular direction in the measuring liquid 2. 
[0051] Variation in vibration of the liquid detecting element 3 in the 

measuring liquid 2 is detected by the vibration sensor 29 and outputted to 
an external apparatus through the circuit board 30. 

[0052] The vibrating element 4, i.e., piezoelectric vibrating plate 19 

is an electro-mechanical converting element which is shifted in accordance 
with an electric signal, while the vibration sensor 29 is a 
mechano-electrical converting element which outputs an electric signal by 
vibration. This vibration sensor 29 is formed by adhering a piezoelectric 
plate 39 or torsion element to an upper end of the vibration shaft 1, 
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preferably in a region where the piezoelectric vibrating plate 19 extends, 
i.e., the upper end shaft part 18 of the vibration shaft 1 within the 
cylindrical member 10 in this embodiment. 

[0053] In case the vibration shaft 1 is formed of a circular rod, as 

illustrated, planar adhesion surfaces 40 are disposed at the opposing side 
surfaces of the vibrating shaft 1, and the piezoelectric plate 39 or torsion 
element is adhered to each adhesion surface 40. 

[0054] Through windows 41 opposing the adhesion surfaces 40 are 

disposed at the opposing side walls of the cylindrical member 10, and the 
piezoelectric element 30 or torsion element is adhered through this through 
window 41. It is also an interesting alternative that the adhered 
piezoelectric plate 39 or torsion element is preliminarily placed opposite 
the window 41 so that inspection for correction can be made available. 
The through window 41 also functions as a heat releasing window e£-to_ 
allow for the release of heat from the piezoelectric plate 39 or torsion 
element. 

[0055] According to the present invention, the bending vibration of 

the upper vibrating end of the upper vibrating element is amplified, and the 
amplified bending vibration is transmitted to the vibration shaft and the 
liquid detecting element through the vibration connection part, so that the 
liquid detecting element can be soundly vibrated in the circular direction in 
the measuring liquid. 

[0056] Although the present invention has been described in its 

preferred form with a certain degree of particularity, it should be 
understood that the present disclosure of the preferred form has been made 
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only by way of example and that numerous changes in the details of 
construction and arrangement of parts may be resorted to without departing 
from the spirit and the scope of the invention as hereinafter claimed. 
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ABSTRACT OF THE DISCLOSURE 



A bending vibration of a piezoelectric vibrating plate i s amplified 
and transmitted to a vibration shaft and a liquid detecting element, so that 
the liquid detecting element is soundly vibrated in a circular direction in a 
measuring l iquid. — A plurality of piezoelectric vibrating plates 19. which 
each contact a Piezoelectric plates conduct bending vibration, vibrations 
and are axially symmetrically arranged in the axial direction with respect to 
symmetrical about the vibration shaft 4-so that-the piezoelectric vibrating 
plates -^conduct a bending vibration, lower vibrating ends 4-4-of the 
piezoelectric vibrating p lates 4-9-are rigidly connected (vibration 
suppressing connection) to a vibration suppressing member 4-3-and inner 
ends of upper vibration ends 4-S-of the piezoelectric vibrating plates 4 J ?-are 
rigidly connected (vibration connection) to the vibration shaft4-, an inner 
end-edge of each of the piezoelectric vibrating plates ^-excluding the 
vibration connection part 4^-is fesld-free with respect to of the vibration 
shaft-4, a bending vibration at the lower vibrating end 4-4-of each of the 
piezoelectric vibrating plates 4-9-is suppressed on the vibration suppression 
connection part 4-6~side and a bending vibration at the upper vibrating end 
4-5-is amplified , the amplified bending vibration at each upper vibrating end 
is — and then applied to the vibration shaft 4-and the liquid detecting 
element ^-which is disposed at a lower end of the vibration shaft-4, through 
the vibration connection part-4^, so that the liquid detecting element 3-is 
vibrated in the circular direction in the measuring liquid-2. 



